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surface of the ferroelectric film, wherein each of the capaci-
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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
11-187018, filed Jun. 30, 1999, the entire contents of which

are 1ncorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to a semiconductor device provided
with a capacitor wherein a ferroelectric film 1s employed as
a dielectric film, and to a method for manufacturing such a
semiconductor device.

A ferroelectric RAM provided with a capacitor wherein a
ferroelectric film 1s employed as a capacitor dielectric film

has been attracting attentions as a high-speed readable and
writable RAM.

In a process of forming a capacitor of a ferroelectric
RAM, a step of patterning a ferroelectric film constituting a
capacitor dielectric film 1s required. Conventionally, the
patterning of a ferroelectric film of such as Pb(Zr, T1)O; is
usually performed by means of plasma dry etching where Ar
and C1, are employed as an etching gas.

However, when the patterning of a ferroelectric film 1s
performed by means of the dry etching of this kind, the
ferroelectric film 1s 1nevitably exposed to plasma, thereby
raising various problems that the ferroelectric film may be
damaged or the dielectric property of the ferroelectric film
may be deteriorated, thus resulting 1n a decrease of the
number of repefition of writing 1n the ferroelectric RAM.

BRIEF SUMMARY OF THE INVENTION

Therefore, an object of this 1nvention 1s to provide a
semiconductor device provided with a capacitor wherein a
ferroelectric film 1s employed as a dielectric film, and the
ferroelectric film 1is prevented from being deteriorated.

Another object of this invention 1s to provide a method of
manufacturing a semiconductor device provided with a
capacitor with a ferroelectric film being employed as a
dielectric film, wherein 1n the step of working the ferroelec-
tric film, the ferroelectric film 1s prevented from being
damaged and the dielectric property of the ferroelectric film
1s inhibited from being deteriorated.

According to this invention, there 1s provided a semicon-
ductor device comprising a semiconductor substrate, and a
plurality of capacitors formed on the semiconductor
substrate, wherein the plurality of capacitors comprise a
plurality of lower electrodes formed on the semiconductor
substrate, a ferroelectric film formed continuously covering
the plurality of lower electrodes, and an upper electrode
formed on the surface of the ferroelectric film, each of the
plurality of capacitors being formed for each of the plurality
of lower electrodes.

Further, according to this invention, there 1s also provided
a semiconductor device comprising a semiconductor
substrate, an insulating {1lm having a hole and formed on the
semiconductor substrate, and a capacitor formed on the
insulating film, wherein the capacitor comprises a lower
clectrode formed on a bottom portion of the hole of the
insulating film, a ferroelectric film filled 1n the hole, and an
upper electrode formed on the surface of the ferroelectric

film.
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Further, according to this invention, there 1s also provided
a method of manufacturing a semiconductor device, which
comprises the steps of:

forming an interlayer msulating film on a semiconductor
substrate;

forming an insulating layer on the interlayer insulating

film;
forming a plurality of holes 1n the 1nsulating film;

filling a lower electrode 1n each of the holes to form a
plurality of lower electrodes;

forming a ferroelectric film on the msulating layer as well
as on the plurality of lower electrodes;

forming a conductive layer on the ferroelectric film; and

patterning the conductive layer and the ferroelectric film
to form a capacitor dielectric film and an upper electrode
covering the plurality of lower electrodes, thereby forming
a capacitor for each of the plurality of lower electrodes.

Further, according to this invention, there 1s also provided
a method of manufacturing a semiconductor device, which
comprises the steps of:

forming a first insulating film on a semiconductor sub-
strate;

forming a first conductive layer and a dummy film suc-
cessively on the first insulating film;

forming a dummy {ilm pattern by patterning the dummy

film;

forming a lower electrode by etching the first conductive
layer with the dummy film pattern being employed as a
mask;

forming a second insulating film on the first insulating
film as well as on the dummy film;

removing a surface region of the second 1nsulating film to
expose a surface of the dummy film pattern;

forming a first hole having a bottom exposing the lower
clectrode by removing the dummy film pattern;

forming a ferroelectric film filling the first hole; and

forming an upper electrode on the ferroelectric film
thereby forming a capacitor.

Furthermore, according to this mvention, there 1s also
provided a method of manufacturing a semiconductor
device, which comprises the steps of:

forming an insulating film on a semiconductor substrate;
forming a first hole 1n the insulating film;

forming a conductive layer on the insulating layer as well
as on an 1mner wall of the first hole;

forming a dummy film filling the first hole having the
conductive layer deposited on the mner wall;

removing an exposed portion of the conductive layer
thereby forming a lower electrode consisting essentially of
the portion of the conductive layer that remains on a bottom

of the first hole;

removing the dummy film to expose the lower electrode,
thereby forming a second hole having a sidewall exposing
the 1msulating film and a bottom exposing the lower elec-
trode;

forming a ferroelectric film filling the second hole; and

forming an upper electrode on the ferroelectric {ilm
thereby forming a capacitor.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
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may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
fion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIGS. 1A to 1E illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to a first example of this invention;

FIGS. 2A to 2J illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to a second example of this invention;

FIG. 3 1s a cross-sectional view 1llustrating the construc-
fion of a semiconductor device according to a second
example of this invention;

FIGS. 4A to 4F illustrate respectively a cross-sectional

view 1llustrating the manufacturing steps of a semiconductor
device according to a modification of the second example of
this 1nvention;

FIGS. 5A to 5L illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to a third example of this 1nvention;

FIGS. 6A to 6G 1llustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor

device according to a modification of the third example of
this 1nvention;

FIGS. 7A to 7H 1illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to a fourth example of this invention;

FIGS. 8A to 8E illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to a modification of the fourth example of
this invention; and

FIGS. 9A and 9B 1illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to another modification of the fourth
example of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

The semiconductor device according to a first embodi-
ment of this invention 1s featured in that it comprises a
plurality of lower electrodes formed on a semiconductor
substrate, a ferroelectric film formed continuously covering
the plurality of lower electrodes, and an upper electrode
formed on the surface of the ferroelectric film, wherein each
of the capacitors 1s formed for each of the plurality of lower
electrodes.

In this case, the number of lower electrodes relative, 1.e.
the number of capacitor to each ferroelectric film and upper
clectrode should preferably be in the range of from 2 to 32,
more preferably in the range of 8 to 32.

As mentioned above, since these ferroelectric film and
upper electrode are formed continuously covering a plurality
of lower electrodes, the patterning of these upper electrode
and ferroelectric film can be performed at a region which has
nothing to do with the property of capacitor, thereby making
it possible to prevent the dielectric property of the ferro-
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clectric film from being deteriorated at a region giving an
influence to the capacitor.

The semiconductor device according to a second embodi-
ment of this invention 1s featured in that a capacitor is
constituted by a lower electrode formed on a bottom portion
of the hole of the msulating film formed on a semiconductor
substrate, a ferroelectric film filled 1n this hole, and an upper
clectrode formed on the surface of the ferroelectric film.

In the semiconductor device of the second embodiment of
this 1nvention, the ferroelectric film can be formed to have
an areca which 1s smaller than that of the lower electrode and
of the upper electrode.

It 1s also possible 1 this second embodiment of this
imvention to construct the lower electrode, the ferroelectric
film and the upper electrode so as to respectively have an
arca which increases 1n the mentioned order.

It 1s also possible 1n this second embodiment of this
invention to construct the ferroelectric film so as to be buried
in the hole and to extend over the insulating film.

In the same way as in the aforementioned first embodi-
ment of the semiconductor device, the semiconductor device
according to this second embodiment of this invention can
be constructed such that the ferroelectric film and the upper
clectrode are formed continuously covering a plurality of
lower electrodes, and that a capacitor 1s formed for every
lower electrodes. However, 1t 1s also possible, as in the case
of the ordinary capacitor, to form an individual ferroelectric
film and an individual upper electrode in conformity with
cach of the lower electrodes, thereby producing a capacitor.

As described above, according to this second embodiment
of semiconductor device of this invention, since the forma-
tion and patterning of the upper electrode are performed
while the ferroelectric film 1s buried 1n the hole, the ferro-
clectric film can be prevented from being exposed to a
plasma atmosphere, and hence, the ferroelectric film can be
prevented from being damaged, thereby making it possible
to prevent the properties of the ferroelectric film from being
badly affected.

Further, since the ferroelectric film 1s formed to have a
smaller area than that of the lower electrode and of the upper
electrode, or since the lower electrode, the ferroelectric film
and the upper electrode are constructed so as to respectively
have an area which increases 1n the mentioned order, the
distance between the upper electrode and the lower electrode
can be 1ncreased, and the generation of leak current from the
periphery of the ferroelectric film can be inhibited, thereby
making it possible to improve the dielectric property of the
ferroelectric film.

By the way, the mnsulating {ilm may be either a single layer
structure or a multi-layer structure.

Next, various preferable examples according to this
invention will now be described with reference to drawings.

EXAMPLE 1

FIGS. 1A to 1E 1illustrate respectively a cross-sectional
view 1llustrating the manufacturing steps of a semiconductor
device according to a first example of this invention.

First of all, as shown 1n FIG. 1A, an upper portion of a
W-plug 12 formed in an interlayer insulating film 11 1s
selectively etched, and then, a TiN film 1s deposited all over
the top surface. Thereafter, by means of CMP (chemical
mechanical polishing), the TiN film which is deposited on
the interlayer insulating film 11 1s removed to leave a TiN
barrier layer 13 on the W-plug 12. Then, a 110, film 14 to

be employed as an insulating layer for insulating neighbor-
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ing lower electrodes from each other 1s deposited all over the
top surface to a thickness of 50 nm.

Next, as shown in FIG. 1B, after a resist pattern (not
shown) corresponding to a lower electrode pattern is formed,
the T10, film 14 1s subjected to RIE thereby to form a hole

15 1n the Ti0O, film 14, the resist pattern being subsequently
removed.

Then, as shown 1n FIG. 1C, after an SrRuO, film 1s

deposited to a thickness of 70 nm by means of sputtering
method, the SrRuO, film 1s polished by means of CMP with
the TiO, film 14 being employed as a stopper, thereby
removing a supertluous portion of the SrRuQO,; film that has
been existed on the Ti0,, film 14, thus forming a plurality of
lower electrodes 16 consisting of the SrRuO; film which 1s
left remained 1n the hole 15.

Thereafter, as shown in FIG. 1D, a Pb(Zr, Ti)O; film 17
having a thickness of 100 nm and another SrRuQO, film 18
to be employed as an upper electrode and having a thickness
of 100 nm. are successively deposited.

Subsequently, as shown m FIG. 1E, for the purpose of
forming a ferroelectric film and an upper electrode 1n
conformity with a region including the aforementioned
plurality of lower electrodes 16, the patternings of the

SrRuO; film 18 and the Pb(Zr, T1)O; film 17 are performed.
The patternings of the SrRuOj; film 18 and the Pb(Zr, Ti)O,
film 17 will be performed as follows.

Namely, an Si0, film (not shown) is deposited on the
SrRuQO; film 18 and then, patterned to form an S10, film
pattern. Thereafter, by making use of this S10, film pattern
as a mask, the StTRuO; film 18 1s subjected to an etching
treatment using an O, water to thereby form an upper
clectrode 20. Then, by means of a wet etching using an HCI
solution or a dry etching using Ar or Cl, as an etching gas,
the Pb(Zr, Ti)O; film 17 1s subjected to a patterning process,
thereby forming a ferroelectric film 19. Subsequently, the
S10,, film pattern 1s removed to form a ferroelectric capaci-
tor

As described above, the upper electrode 20 and the
ferroelectric film 19 are formed over a plurality of lower
electrodes 16. However, even 1f the ferroelectric film and the
upper electrode are individually formed in conformity with
cach of the lower electrodes as conventionally, since the
upper electrode 1s connected with an earth and hence, since
cach of the upper electrode 1s electrically connected
therewith, no problem will be raised even 1f the upper
clectrode 1s formed covering a plurality of lower electrodes
as 1n the case of the capacitor to be obtained according to this
example.

As described above, according to this example, since
these ferroelectric film 19 and upper electrode 20 are formed
continuously covering a plurality of lower electrodes 16, the
patterning of these upper electrode 20 and ferroelectric film
19 can be performed at a region which has nothing to do with
the property of capacitor, and hence, it 1s now possible to
prevent the dielectric property of the ferroelectric film from
being deteriorated at a region giving an influence to the
capacitor.

EXAMPLE 2

The manufacturing steps of a semiconductor device
according to a second example of this mvention will be
explained with reference to FIGS. 2A to 2J 1illustrating
respectively a cross-sectional view of the semiconductor
device.

First of all, as shown 1n FIG. 2A, a semiconductor element
is formed 1n a semiconductor substrate (not shown), and
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6

then, an interlayer insulating film 31 1s formed on the surface
of the semiconductor substrate. Thereafter, via-holes are
formed 1n the interlayer insulating film 31, and then, the
via-holes are filled with a W-plug 32.

Then, as shown 1n FIG. 2B, a resist pattern 33 1s formed
on the mterlayer insulating film 31 by means of lithography
in such a manner as to expose the W-plug 32. Thereafter, by
making use of this resist pattern 33 as a mask, the interlayer
insulating film 31 and the W-plug 32 are ctched to form
recessed portions 34.

Next, as shown 1 FIG. 2C, after the resist pattern 33 1s
removed and the TiN film 1s deposited so as to fill the
recessed portions 34 with the TiN film, the TiN film 1s
polished by means of CMP with the interlayer insulating
f1lm 31 being employed as a stopper, thereby forming 1n the
recessed portions 34 a TiN barrier layer 35 to be employed
as a barrier layer of the W-plug 32. By the way, the
cross-section of the TiN barrier layer 35 which 1s parallel
with the main surface of the semiconductor substrate 1s
made larger than the cross-section of the W-plug 32.

Thereafter, as shown 1n FIG. 2D, an SrRuO, film 36 to be
employed as a lower electrode and having a thickness of 50
nm and an Si10, film (a dummy film) 37 having a thickness
of 30 nm are successively deposited. Then, as shown 1n FIG.
2E, the S10, film 37 1s patterned by means of lithography
and RIE to form an S10, film pattern 38. The SrRuQO, film
36 1s then etched using an O, water with the S10, film
pattern 38 being employed as a mask to thereby form a lower
clectrode 39. In this wet etching, the lower electrode 39 is
formed such that the top surface thereof 1s made smaller 1n
arca than that of the bottom surface thereof. However,
depending on the etching conditions, the area of this top
surface can be made 1dentical with that of the bottom
surface.

Then, as shown 1n FIG. 2F, an insulating film 40 consist-
ing of a T10,, film or S1;N, film 1s enfirely deposited to cover
the S10, film pattern 38. Then, as shown 1n FIG. 2G, the
insulating film 40 1s polished by means of CMP with the
S10, film pattern 38 being employed as a stopper.
Thereafter, as shown 1n FIG. 2H, the S10, film 37 1is
selectively etched by making use of HF, thereby forming
holes 41 exposing the lower electrode 36.

Then, as shown 1n FIG. 21, a Pb(Zr, T1)O5 film 42 having

a thickness of 100 nm and to be employed as a capacitor
dielectric film 1s entirely deposited by means of sputtering
method. As shown 1n FIG. 2], an SrRuO, film 43 to be
employed as an upper electrode 1s then deposited to a
thickness of 100 nm.

Next, as 1n the case of the Example 1, the STRuO, film 43
1s patterned so as to cover a region including a plurality of
the lower electrodes, thereby forming an upper electrode.
The patterning of this SrRuO, film can be performed by a
process wherein an S10, film pattern 1s formed on the
SrRuQO,; film 43 and then, by making use of this S10, film
pattern as a mask, the SrRuO, film 43 1s subjected to an
ctching treatment using an O, water.

Then, by means of a wet etching using an HCI solution or
a dry etching using a mixture of Ar and Cl, as an etching gas,
the Pb(Zr, T1)O; film 42 1s subjected to a patterning process,
thereby forming a capacitor dielectric film, thus obtaining a
ferroelectric capacitor.

Since the Pb(Zr, Ti)O, film 42 is not separately patterned
for each of a plurality of lower electrodes 1n the aforemen-
tioned manufacturing steps, the region of the capacitor
dielectric film that corresponds to each of the lower elec-
trode can be prevented from being exposed to a plasma
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atmosphere, and hence, the capacitor dielectric film can be
prevented from being damaged and the dielectric property of
capacitor can be mhibited from being deteriorated.

Further, the capacitor thus formed 1s constructed such that
the lower electrode 39 1s formed on the bottom surface of the
hole 41 formed in the insulating film 40, and the Pb(Zr,
Ti)O, film 42 is filled in the hole 41 and at the same time,
formed on the insulating film 40. Therefore, the distance
between the upper electrode and the lower electrode 39 can
be enlarged, thereby making 1t possible to inhibit the gen-
eration of a leak current 1n the capacitor dielectric film and
hence, to 1improve the dielectric property of the capacitor
dielectric film.

Moreover, the cross-section of the TiN layer which 1s
parallel with the main surface of the semiconductor substrate
1s made larger than the cross-section of the W-plug.
Theretfore, the oxygen that has been diffused into the TiN
layer 35 through an interface between the lower electrode 39
and the TiN layer 35 can be 1nhibited from diffusing into the
W-plug 32, thereby making it possible to prevent the W-plug,
32 from being oxidized.

By the way, as shown in FIG. 3, the Pb(Zr, T1)O; film 42
and the SrRuO; film 43 may be patterned for each of the
lower electrode 39, thereby providing every one of the lower
clectrode 39 with each of the capacitor dielectric films and
with each of the upper electrodes. Even if the Pb(Zr, T1)O5
film 42 and the SrRuQO, film 43 are patterned in this manner,
the Pb(Zr, T1)O; film 42 of a region related to the capacitor
can be prevented from being exposed to a plasma
atmosphere, thereby making 1t possible to inhibit the dielec-
tric property of the ferroelectric film from being deterio-
rated.

Another method of performing the patterning of the
aforementioned SrRuO,; film 36 other than the aforemen-
tioned method of using an O, water will be explained with
reference to cross-sectional views shown 1 FIGS. 4A to 4F.
By the way, the same portions as those of FIGS. 2A to 2] will
be 1dentified by the same reference numerals, thereby omit-
ting the explanations thereof.

First of all, the structure as shown 1n FIG. 4A 1s formed
by the same steps as 1llustrated in FIGS. 2A to 2D. Then, as
shown 1n FIG. 4B, the S10, film 37 1s patterned by means
of lithography and RIE to form an S10,, {ilm pattern 38. The
SrRuO; film 36 1s then dry-etched using a reactive gas
containing Ar and Cl, with the S10, film pattern 38 being
employed as a mask to thereby form an upper electrode 39.

Then, as shown in FIG. 4C, an insulating film 40 1s
deposited, after which, as shown 1n FIG. 4D, the msulating
film 40 1s polished by means of CMP with the S10, film
pattern 38 being employed as a stopper. Thereafter, as shown
in FIG. 4E, a hole 51 1s formed, after which, as shown 1n
FIG. 4F, a Pb(Zr, Ti)O; film 42 and an SrRuO; film 43 are
successively deposited, and then, these films are patterned to
form a capacitor.

EXAMPLE 3

In this example, a method of manufacturing a ferroelectric
capacitor wherein a barrier metal and a capacitor dielectric
film are formed by a procedure which is different from the
aforementioned procedure will be explained with reference
to FIGS. 5A to 5L. Namely, FIGS. 5A to 5L 1illustrate
respectively a cross-sectional view 1llustrating the manufac-
turing steps of a semiconductor device according to a third
example of this invention.

First of all, as shown 1n FIG. 5A, a semiconductor element
is formed on a semiconductor substrate (not shown), and
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then, a first interlayer msulating film 31 1s formed so as to
cover a semiconductor element formed on the surface of the
semiconductor substrate. Thereafter, via-holes are formed 1n
the interlayer mnsulating film 31, and then, the via-holes are

filled with a W-plug 32.

Then, as shown 1n FIG. 5B, a second interlayer insulating
film 61 1s formed, after which a hole 62 1s formed in the
second 1nterlayer insulating film 61 so as to expose the
W-plug 32. Thereafter, as shown in FIG. 5C, a TiN film 1s
deposited all over the top surface, and then, the TiN film 1s
polished by means of CMP with the second interlayer
insulating film 61 being employed as a stopper, thereby
forming 1n the hole 62 a TiN barrier layer 35.

Thereafter, as shown 1 FIG. 5D, 1n the same manner as
in Example 2, an SrRuO; film 36 and an S10, film 37 are
successively deposited. Then, the S10, film 37 1s patterned
to form an S10,, film pattern 38. The SrRuO, film 36 1s then

ctched using an O, water with the S10,, film pattern 38 being
employed as a mask to thereby form a lower electrode 39 as

shown 1n

FIG. 5E. Then, as shown 1n FIG. SF, an insulating film 40
1s deposited, after which, as shown 1n FIG. 5G, the mnsulating
film 40 1s polished by means of CMP with the S10, film
pattern 38 being employed as a stopper. Thereatter, as shown
in FIG. 5H, the S10, film pattern 38 1s removed, thereby
forming holes 63 exposing the lower electrode 39.

Then, as shown in FIG. 51, a Pb(Zr, T1)O; film 42 is
deposited by means of sputtering method, which 1s followed
by a heat treatment, thereby crystallizing the Pb(Zr, T1)O;
film. Then, as shown in FIG. §J, the Pb(Zr, Ti)O; film 42 is
polished by means of CMP with the mnsulating film 40 being
employed as a stopper, thereby forming in the hole 63 the
Pb(Zr, Ti)O, film 42 constituting a capacitor dielectric film.

Next, as shown m FIG. 53K, an SrRuO; film to be
employed as an upper electrode 1s deposited, after which a
resist pattern 64 1s formed in conformity with an upper
clectrode pattern. Then, by making use of the resist pattern
64 as a mask, the STRuO, film 1s etched to form an upper
clectrode 43.

Then, as shown 1n FIG. 5L, after the resist pattern 64 1s
removed, a passivation film 65 1s deposited to form a
capacitor. Thereafter, openings exposing the upper electrode
43 are formed 1n the passivation film 65, and an electrode to
be connected with the upper electrode through the opening
1s formed.

According to this example, a Pb(Zr, T1)O, film 42 is
deposited and then, this Pb(Zr, T1)O5 film 42 is polished by
means of CMP so as to leave a portion of the Pb(Zr, Ti)O,
film 42 1n the hole 63, thereby forming a buried capacitor
dielectric film 1n the hole 63. Thereatfter, the deposition of an
upper electrode material 1s performed, and then, a wide
region including the remaining Pb(Zr, Ti)O; film 42 is
patterned to form an upper electrode. Therefore, since this
Pb(Zr, T1)O; film 42 1s not exposed to a plasma etching
atmosphere at all, it 1s possible to inhibit the Pb(Zr, T1)O5
f1lm from being deteriorated.

Further, since the sidewall of the lower electrode is
recessed backward than the sidewall of the Pb(Zr, Ti)O, film
due to the wet etching, and at the same time, since the Pb(Zr,
T1)O; film 1s buried in the hole, thus rendering the areas of
the lower electrode, the Pb(Zr, Ti)O; film and the upper
clectrode to become larger in the mentioned order, it 1s
possible to enlarge the distance between the upper electrode
and the lower electrode, thus making 1t possible to inhibait the
generation of leak current.

Next, another different method of performing the pattern-
ing of the SrRuQO, film 36 other than the aforementioned
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method of using an O, water will be explained with refer-
ence to cross-sectional views shown 1n FIGS. 6A to 6G. By
the way, the same portions as those of FIGS. SA to SL will
be 1dentified by the same reference numerals in FIGS. 6 A to
6G, thereby omitting the explanations thereof.

First of all, the structure as shown 1n FIG. 6A 1s formed
by the same steps as 1llustrated in FIGS. SA to SD. Then, as
shown 1n FIG. 6B, the S10, film 37 1s patterned by means
of lithography and RIE to form an $S10,, film pattern 38. The
SrRuO, film 36 1s then dry-etched using a reactive gas
containing Ar and Cl, with the S10, film pattern 38 being
employed as a mask to thereby form a lower electrode 39.

Then, as shown 1n FIG. 6C, an insulating film 40 1s
deposited, after which, as shown m FIG. 6D, the msulating
film 40 1s polished by means of CMP with the S10, film
pattern 38 being employed as a stopper. Thereatter, as shown
mn FIG. 6E, a hole 81 1s formed, after which, as shown 1n
FIG. 6F, a Pb(Zr, Ti)O, film 42 is filled in the hole 81, and
then, an upper electrode 43 and a passivation film 65 are
formed, thereby constructing a capacitor.

The capacitor constructed 1n these steps 1s featured 1n that
since the lower electrode 1s formed by means of dry etching,
the S10, film constituting a dummy film 1s also etched,
thereby making the area of the Pb(Zr, T1)O; film smaller
then that of the lower electrode. As a result, the Pb(Zr, Ti)O,
f1lm becomes smaller in area than that of the lower electrode
and of the upper electrode. Therefore, 1t 15 now possible to
enlarge the distance between the upper electrode and the
lower electrode, thus making 1t possible to inhibit the
generation of leak current.

EXAMPLE 4

The manufacturing steps of a semiconductor device
according to a fourth example of this invention will be
explained with reference to FIGS. 7A to 7H 1illustrating

respectively a cross-sectional view of the semiconductor
device.

First of all, as shown 1n FIG. 7A, a semiconductor element
is formed on a semiconductor substrate (not shown), and
then, an interlayer insulating film 31 1s formed to cover a
semiconductor element formed on the surface of the semi-
conductor substrate. Thereafter, via-holes are formed 1n the
interlayer insulating film 31, and then, the via-holes are
filled with a W-plug 32. Then, the surface layer of the
W-plug 32 1s etched away to lower the level of the surface
of the W-plug 32, after which a TiN barrier layer 35 1is
formed filling this recessed surface of the W-plug 32.
Thereafter, a second msulating film 91 1s enftirely deposited,
and a resist pattern (not shown) is formed on this second
insulating film 91 1n conformity with a capacitor. Then, by
making use of this resist pattern as a mask, the second
insulating film 91 1s etched by means of anisotropic etching
such as RIE, thereby forming, 1n this second insulating film
91, a hole 92 for forming a capacitor, and then, the resist
pattern 1s removed.

Then, as shown 1n FIG. 7B, an SrRuO, film 93 to be
employed as a lower electrode of capacitor 1s entirely
formed by means of sputtering method. Next, as shown 1n
FIG. 7C, a dummy-iilm 94 consisting of a silicon nitride film
or metallic titantum 1s deposited so as to fill the hole 92.
Then, as shown 1 FIG. 7D, the dummy film 94 is polished
by means of CMP with the SrRuO, film 93 being employed

as a stopper, thereby removing a portion of the dummy {ilm

94 other than that filled 1n the hole 92.

Thereatter, as shown 1n FIG. 7E, the StRuO, film 93 thus
exposed 1s wet-etched by making use of an O, water to leave
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the SrRuQO, film 93 only on the bottom surface of the hole
92, thus forming a lower electrode 95. By the way, the
SrRuQ,; film for constituting the lower electrode 95 1is
required to be left at least on the bottom surface of the hole
92, but the quantity of the StTRuQO, film that may be left on
the sidewall of the hole 92 may be variously altered.

Then, as shown 1n FIG. 7F, the dummy film 94 i1s
wet-etched so as to allow the lower electrode 95 to be
exposed on the bottom surface of the hole 92. By the way,
if a silicon nitride film 1s employed as this dummy film, 1t
may be removed by making use of phosphoric acid, while 1t
a metallic titanium film 1s employed as this dummy film, it
may be removed by making use of hydrochloric acid.

Then, as shown in FIG. 7G, after a Pb(Zr, Ti1)O5 film to
be employed as a ferroelectric film 1s entirely deposited, the
Pb(Zr, T1)O; film is subjected to polishing such as CMP or
etch-back treatment so as to leave the Pb(Zr, T1)O, film as
a ferroelectric film of capacitor 1n the hole 92. Then, as
shown 1 FIG. 7H, after an SrRuO, film 1s deposited, the
SrRuO, film 1s patterned by subjecting 1t to a wet etching
freatment using an O, water, thereby forming an upper
clectrode 97, thus forming a capacitor.

By the way, as for this dummy film, 1t 1s possible to
employ a metal which 1s soluble to an acid such as
zirconium, cobalt and nickel, a metal which 1s soluble to an
acid of high oxidizing power (for example, a mixture of
aqueous solution of hydrogen peroxide and hydrochloric
acid), a metal oxide such as titanium oxide, or a metal
nitride. It 1s also possible to employ an amphoteric metal
such as aluminum and copper as a dummy film, since they
are soluble 1n a basic solution such as aqueous ammonia to
be employed as an etchant.

According to a semiconductor device which 1s provided
with a capacitor constructed as shown 1 FIG. 7H, since the
lower electrode and the ferroelectric film are buried 1n the
hole, the dimension of the capacitor 1s determined by the
dimension of the hole. As a result, 1t 1s advantageous in that
the non-uniformity in dimension between neighboring cells
can be minimized.

Further, when the lower electrode 1s formed not only on
the bottom surface of the hole but also on the sidewall of the
hole, the effective area of the lower electrode can be
increased, thereby making it possible to enlarge the quantity
of electric signal.

By the way, the insulating film may not be confined to a
single layer but may be 2 or more-ply layer. Next, the
manufacturing steps of a multi-layer interlayer insulating
film will be explained with reference to cross-sectional

views of FIGS. 8A to 8E.

First of all, as shown 1n FIG. 8A, 1n the same manner as
in Example 4, a W-plug 32 and a TiN barrier layer 35 are
formed 1n the via-holes formed in an interlayer isulating
film 31. Then, a first msulating film 91 and a second
msulating film 101 are successively deposited, and a resist
pattern (not shown) is then formed on this second insulating
film 101 1n conformity with a capacitor. Then, by making
use of this resist pattern as a mask, the second 1nsulating film
101 and first insulating film 91 are successively etched by
means of anisotropic etching such as RIE, thereby forming
a hole 92 for forming a capacitor, and then, the resist pattern
1s removed.

Then, 1n the same manner as illustrated in the manufac-
turing steps of the previous example and as shown 1n FIG.
8B, an SrRuO; film 93 to be employed as a lower electrode
of capacitor 1s formed by means of sputtering method, and
a dummy film 94 is deposited so as to fill the hole 92 (FIG.
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8C). Then, as shown 1n FIG. 8D, an exposed portion of the
SrRuO, film 93 1s wet-etched by making use of an O, water,
thereby forming a lower electrode 95.

Thereafter, as shown 1n FIG. 8E, the dummy film 94 1s
wet-etched to allow the lower electrode 95 to be exposed at
the bottom surface of the hole 92, and then, a Pb(Zr, T1)O4
f1lm 96 to be employed as a ferroelectric film of capacitor 1s
formed 1n the hole 92. After an SrRuO, film 1s deposited, a
portion of the StRuO, film 1s wet-etched by making use of
an O, water to leave a portion of the SrRuQO, film, thus
forming an upper electrode 97 and accomplishing a capaci-
tor.

Next, a method of manufacturing a semiconductor device
provided with an upper electrode having a different structure
from the atorementioned upper electrode of capacitor will be

explained with reference to cross-sectional views shown 1n
FIGS. 10A and 10B.

As shown 1n FIG. 9A, 1n the same manner as illustrated
in the aforementioned manufacturing steps, a Pb(Zr, Ti)O,
film 96 1s deposited and filled 1n the hole 92, and then, the
Pb(Zr, T1)O; film 96 is subjected to an etch-back treatment
using a hydrochloric acid/hydrofluoric acid mixture. On this
occasion, the height of the top surface of the Pb(Zr, T1)O;
film 96 1s made lower than the top surface of the second
insulating film 101, thereby forming a hole 111.

Then, as shown 1n FIG. 9B, after an SrRuO, film 1s
deposited, a portion of the StRuO, film 1s polished by means
of CMP with an msulating film being employed as a mask,

thereby forming an upper electrode 97 which 1s filled in the
hole.

When the upper electrode 97 1s formed 1n this manner, a
step of patterning for working the upper electrode can be
dispensed with. Further, since the upper electrode thus
formed 1s not protruded out of the insulating film, the arca
of the capacitor can be minimized.

It should be appreciated that this invention is not confined
to the aforementioned examples. For example, although a
Pb(Zr, T1)O5 film is employed as a ferroelectric film, other
kinds of ferroelectric material can be employed. Namely,
this invention can be variously modified within the spirit of
this mvention.

As explained above, since these ferroelectric film and
upper electrode are formed continuously covering a plurality
of lower electrodes, the patterning of these upper electrode
and ferroelectric film can be performed at a region which has
nothing to do with the property of capacitor, thereby making
it possible to prevent the dielectric property of the ferro-
clectric film from being deteriorated at a region giving an
influence to the capacitor.

According to the semiconductor device of the second
embodiment of this invention, the ferroelectric film can be
formed to have an area which 1s smaller than that of the
lower electrode and of the upper electrode.

Furthermore, since the formation and patterning of the
upper electrode are performed subsequent to the burying,
step of the ferroelectric film 1n the hole, the ferroelectric film
can be prevented from being exposed to a plasma
atmosphere, and hence, the ferroelectric film can be pre-
vented from being damaged, thereby making it possible to
prevent the properties of the ferroelectric film from being,

badly affected.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the mnvention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
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What 1s claimed 1s:

1. A semiconductor device comprising a semiconductor
substrate 1 and a plurality of capacitors formed on said
semiconductor substrate:

wherein said plurality of capacitors comprise;

an 1msulating layer formed on said semiconductor sub-
strate and having a plurality of holes;

a plurality of lower electrodes formed 1n said holes of said
insulating layer;

a ferroelectric film formed continuously covering said
plurality of lower electrodes; and

an upper electrode formed on the surface of said ferro-
electric film;

wherein each of said plurality of capacitors 1s formed for

cach of the lower electrodes.

2. The semiconductor device according to claim 1,
wherein said plurality of capacitors are formed on an inter-
layer 1nsulating film formed on said semiconductor
substrate, and said plurality of lower electrodes are electri-
cally connected with a plug buried 1n said interlayer insu-
lating film.

3. A semiconductor device comprising a semiconductor
substrate, an 1nsulating film having a tapered hole and
formed on said semiconductor substrate, and a capacitor
formed on said insulating film, wherein said capacitor com-
Prises:

a lower electrode formed on a bottom portion of said hole
of the insulating film;

a ferroelectric film filled 1n said hole; and

an upper electrode formed on the surface of said ferro-
electric film;

wherein an upper surface of said ferroelectric film has an
arca which 1s smaller than that of said lower electrode
and of said upper electrodes.

4. The semiconductor device according to claim 3,
wherein said capacitor 1s formed on an interlayer insulating
film formed on said semiconductor substrate, and said lower
clectrode 1s buried i1n said interlayer insulating film and
clectrically connected with a plug buried 1n said interlayer
insulating film.

5. A semiconductor device comprising a semiconductor
substrate, an msulating film having a first hole and a second
hole and formed on said semiconductor substrate, said
second hole being formed 1n a bottom of the first hole and
having an area smaller than that of the first hole, and a
capacitor formed on said insulating film, wherein said
capaclior comprises:

a lower electrode formed on a bottom portion of said
second hole of the insulating film;

a ferroelectric film filled in said first hole; and

an upper electrode formed on the surface of said ferro-
electric film;

wherein areas of said lower electrode, said ferroelectric
f1lm, and said upper electrode are formed larger in the
mentioned order.

6. The semiconductor device according to claim 35,
wherein said capacitor 1s formed on an interlayer insulating
film formed on said semiconductor substrate, and said lower
clectrode 1s buried in said interlayer insulating film and
clectrically connected with a plug buried 1n said interlayer
insulating film.
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